Objective: This study investigated the variability of anthropometric measurements and body fat estimated by bioelectric impedance analysis. Subsequently the methods were applied in a case-control study to investigate the association with breast cancer. Design, Subjects: The study group included 50 consecutive cases and 75 age-matched controls from the same area. The variation was investigated in 50 healthy women from the control group, who were repeatably measured using standardised measurement procedures, and the variation between-subjects, within-subjects, betweenobservers, and within-observers were estimated. Results, Conclusions: The study showed that the variance components between-subjects were 64±99% of the total variance. The variables of skinfold thicknesses were characterised by having the highest relative observer variation and having many unavailable values that were out of the range of the Harpenden callipers. The mean body fat by bioelectric impedance analysis was 31.2%, and the total coef®cient of variation 23%, while the variance components related to subject time, observer and measurement were 98.4%, 1.1%, 0.2%, and 0.4%, respectively. The body fat was signi®cantly correlated with the variables of skinfold thicknesses. We decided to exclude the variables of skinfold thicknesses from the case-control study, and for the other variables to measure each subject only at one time by one observer. The case-control part of the study indicated a non-signi®cant increase in body weight in the postmenopausal breast cancer patients (mean difference 3.6 kg; con®dence interval from 70.9 kg to 8.0 kg). Similarly the body fat tended to be higher in the breast cancer patients (mean difference 1.2%; con®dence interval from 71.6% to 4.0%).
Introduction
The risk factors for breast cancer are far from being completely known, and it is of interest to know the association between the nutritional status and breast cancer and thereby establish a goal for a potential preventive intervention. There is no single convenient variable, that completely illustrates the nutritional status, and in this study we focus on the body composition as an alternative approach to illustrate the nutritional status. The body composition is best measured by direct methods that estimate each component of the body, but these methods use advanced techniques, being more dependent on patients cooperation and acceptability, which reduce the general availability and applicability of the methods. The alternative is to use anthropometry and bioelectrical impedance analysis, which are more suitable methods in epidemiological and clinical studies. Previous studies have examined the association between body weight and breast cancer, but they have shown different results. Former studies have showed that the body mass index in premenopausal women is negatively (Harris et al, 1992; Willett et al, 1985; Tornberg et al, 1988; Vatten & Kvinnsland, 1992) or not associated with breast cancer (Parazzini et al, 1990; Chu et al, 1991; Lund et al, 1990) and in postmenopausal women positively (Parazzini et al, 1990; Chu et al, 1991; Harris et al, 1992; Tornberg et al, 1988) or not associated with breast cancer (Bruning et al, 1992) . In the present study we took anthropometric measurements and estimated body fat by bioelectric impedance analysis. The reliability of some of the measured and estimated variables are well known, while others are less well described in the literature. The aim of our study was primarily to examine the reliability of the chosen variables and their variance components, then to examine the possible change in bioelectrical impedance following breast cancer surgery, and ®nally to examine the possible association between body composition and breast cancer in this pilot population.
Population and methods

Subjects
The study was based on a case-control sampling of women aged 35±70 y from the county of Funen, Denmark. The study was approved by the regional scienti®c ethics committee and performed according to the Helsinki II Declaration. It included 50 consecutive newly diagnosed breast cancer patients and 75 controls with no evidence of cancer. The controls were sampled randomly from the civil number registry, and matched by age. The ®rst part of the study included 50 of the controls in a variance analysis design with unbalanced repeated subsampling. None of the subjects was pregnant or had taken prescribed medicine to lose weight or lower cholesterol, and none had chronic diseases that might in¯uence the anthropometric measurements. Each person was measured three times in duplicate (Figure 1 ). The ®rst observer measured the subject twice, and approximately two months later the ®rst and second observer again examined the same subject in duplicate, namely six measurements in all. Thereby it was possible to estimate the variation between-subjects, within-subjects, between-observers, and within-observers (Bliss, 1967) related to subsampling at the following levels: subject, time, observer, measurement. In the comparative part of the study, a possible association between body composition and breast cancer was investigated by examining 50 patients and 75 controls. To examine the change in body fat by impedance, 22 patients with breast cancer were measured before and after surgery. In general, the measurements were taken on the right side. In seven of the 50 patients (one of them were in the group of 22 patients) the measurements were taken on the left side, because the measurement of the midaxillary skinfold would on the right side interfere with the cicatrices from the breast cancer surgery.
Bioelectrical impedance analysis
The bioelectrical impedance analysis used a tetrapolar impedance analyser, 500 mA and 50 kHz (Animeter, DK) (Victor et al, 1989) . Measurements were taken following standard procedures (Heitmann, 1990b; Lukaski et al, 1986; Lukaski et al, 1985) with the electrodes placed dorsally on the right hand and foot. The distal electrodes were attached to the distal ends of the third metacarpal and metatarsal, respectively, and the proximal electrodes between the styloid processes of the radius and ulna, and between the medial and lateral malleoli, respectively. The subject was placed supine, the extremities not touching each other or the trunk. Measurements were taken at room temperature in the morning after rest and after only minimal intake of food and¯uid. The electrodes were not replaced between duplicate measurements, but between observers.
Anthropometry
Anthropometric measurements were made according to WHO standards (WHO, 1987) . Weight was measured to the nearest 0.1 kg (SECA scale) with the subject in underwear only. Height was measured to the nearest 0.1 cm, standing without shoes, heels together, relaxed shoulders, and head in the Frankfort horizontal plane. Waist circumference was measured midway between the ribs and iliac crest. Hip circumference was measured as the greatest circumference round the buttocks. The circumferences were measured with a soft nonelastic measurement tape to the nearest 0.1 cm. The abdominal sagittal diameter (the antero-posterior abdominal diameter) was measured at the fourth lumbar vertebra to the nearest 0.1 cm, subject supine, at the end of expiration, the knee¯exed enough to correct lumbar lordosis. The skinfold thicknesses were measured over the biceps, triceps, subscapular, midaxillary, abdominal, suprailiac, and at the thigh. All these measurements were done to the nearest 0.1 mm with pressure 10 g/mm 2 on a Harpenden callipers, measuring on the right side with the subject standing relaxed with the arm extended (WHO, 1987) .
The following parameters were calculated: Body Mass Index, Waist Hip Ratio, Conicity Index (Valdez, 1991; Valdez et al, 1993) , Visceral Adipose Tissue (Kvist et al, 1988) , Body Fat and Fat Free Mass by the bioelectrical impedance analysis (Heitmann, 1990b) . The algorithm of Heitmann was preferred because it is predicted from measurements on a Danish population with a similar age distribution to that of this study. This algorithm has been validated by body water and body potassium estimation in a four-compartment model (Heitmann, 1990b) . In addition the body fat was given from the prediction equation from four skinfold thicknesses: biceps, triceps, subscapularis and suprailiaca (Durnin & Womersley, 1974) .
Statistics
The analysis of variance used an asymmetric design with unbalanced repeated subsampling (Bliss, 1967) and estimation of the variance components, standard deviations, and coef®cients of variation between-subjects, within-subjects, between-observers, and within-observers. The change of the body fat component during breast cancer surgery was estimated from electrical impedance measurements before and after surgery and illustrated by a difference plot with the mean difference and 95% con®dence interval. Difference plots graphically illustrate the paired differences relative to the mean values (to avoid regression towards the mean) (Bland & Altman, 1986 ). In the difference plots the expected variation was predicted from known measurements variation (Hyltoft Petersen et al, 1997) . The casecontrol data are illustrated by the mean difference and 95% con®dence interval.
Results
The sources of variation Table 1 presents the descriptive statistics with the distribution of the coef®cient of variation and the variance components at the four levels of subsampling. The variance components are in per cent of the total variance for the selected variable. Three of the variance components have negative values, which is due to the statistical model used in the analysis, in which small variances become zero or even negative when the variance is high on the following level of subsampling. These negative variances are to be considered as zero. For all variables the variance component between-subjects was the major part of the total variance, so the variation of measuring body composition is mainly due to biological variation between individuals. Figure 1 Design of the repeated unbalanced subsampling within the following four levels: subject, time, observer, and measurement. Each subject was initially measured twice by the ®rst observer, and approximately two months later the ®rst and second observer again examined the same subject in duplicate, namely six measurements in all. b-s: betweensubjects, w-s: within-subjects, b-o: between-observers, w-o: within-observers.
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The variables of skinfold thickness were characterised by having the highest relative observer variation. Furthermore, those variables had many values, that were out of the measuring range of the Harpenden callipers (namely b 40 mm). Among the 300 measurements for each variable of skinfold thickness, the number of unavailable values was: thigh 123, abdomen 51, triceps 10, suprailiac 2, subscapularis 1, midaxillary 1, and biceps 1. In the analysis of variances each missing value was substituted by the mean value of the actual level of subsampling for that subject, and thereby the substituted values did not add variance to the data. For each substitution the degrees of freedom were reduced by one at the same level of analysis of variance. For the impedance and waist-hip-ratio about 10%, and for the conicity index about 17% of the variation was related to within-subject variation, i.e. due to physiological¯uctuations over time. The within-subject variation of the triceps skinfold thickness was much higher than expected, with 28.7% of the variance. Evaluating the individual values showed that most of the variation arose from 12 of the subjects. In these 12 subjects observer number one at time one as compared to time two had from 8±15 mm higher values, while the mean difference for the rest of the values was 0.7 mm. The impact of thesè outliers' was estimated by neutralising the contribution to variation from these values. This was done by substituting the values by the mean value of the actual level of subsampling for each subject. The corrected variance components at the four levels of subsampling was: 88.0%, 3.1%, 4.3%, and 4.6%. Probably 3.1% is a more reliable estimate of the within-subject variation for the triceps skinfold thickness. This difference in estimate was not due to random observer variation, but to a rather constant bias of ®rst measurements from observer one in twelve subjects. Such systematic bias over time was not seen for the other variables.
The variation between variables can be examined by the coef®cients of variation. The height and hip circumference were the measured variables with the lowest variation, 3.3% and 7.3%, respectively. The skinfold thicknesses and the visceral adipose tissue had very high total variations about 40%. The observer variation was higher for body fat estimated from skinfold thickness than for body fat estimated from impedance. The body fat in per cent estimated by impedance had a total variation of 23%, which is almost completely due to between-subjects variance, accounting for 98.4% of the total variance.
The in¯uence of breast surgery on the body fat estimate For 22 patients the impedance was measured before and approximately two months after breast cancer surgery, and the body fat was estimated. The body fat was 33.2% AE 15.2% (mean AE 2 s.d.) before surgery and 33.7% AE 13.8% after surgery. The mean difference was 0.5% and the 95% con®dence interval from 70.3% to 1.2%, as shown in the difference plot in Figure 2 . Difference plots of the body fat change, compared with the other parameters, gave no indication of any relationship (data not shown). The individual values for each subject were expected to vary with time, observers, and different measurements. This expected variance was estimated using the values from the analysis of variance components on the healthy subjects. The variances within-subject, betweenobservers, and within-observers were summarized and multiplicated by the square root of two to have the estimate of the difference. The two solid lines are the predicted limits of expected variation by two standard deviations (s.d. 1.3%) above and below the zero-line. If we assume no difference, 95% of the individual values should be within the limit of two standard deviations above and below the zero-line. 86% (19 out of 22) of the values are within these limits. Lymphoedema after mastectomy is known to in¯uence the bioelectric impedance analysis (Ward et al, 1992) . Although objective lymphoedema was not systematically registered in this study, lymphoedema was not reported in any cases. Since all the patients had axillary dissection the in¯uence of potential lymphoedema on impedance should show lower body fat differences in patients measured on the ipsilateral side of surgery as compared to patients measured on the contralateral side. Estimates of the sources of variation S Hansen et al
Actually there was no difference between these two groups (t-test; P 0.31), which are shown by different markers on Figure 2 .
The case-control data Table 2 tabulates the statistics of the case-control data for some of the anthropometric variables. The data are strati®ed by the menopausal status. There was no signi®cant differences between the case and control groups in this small study population, not when combining data of preand post-menopausal subjects (data not shown) nor when stratifying by menopausal status. However, the body weight and body fat of the postmenopausal women tended to be higher in the breast cancer patients than in the controls, while the relationship tended to be the opposite in the premenopausal women, if any difference.
Discussion
This study mainly presents data showing the reliability of chosen variables of the body composition, measured on 50 of the 75 controls. The total variation is due to biological variation and measurement variation. The biological variation is due to variation between-subjects and the biological uctuation over time within each subject. To minimise the biological within-subject variation all the measurements were performed in the morning after voiding and after only a light breakfast. The measurement variation between-and within-observers was minimised by simple training and standardising procedures. Following these simple guidelines and state-of-art measurement recommendations (WHO, 1987) , we estimated the variation and its distribution on the different levels of subsampling (Table 1 ). In general, the variation of the chosen variables was due to biological variation between-subjects, but the variables of skinfold thickness in particular had large measurement variations, showing broader distribution of variance components between subsamples. Comparison of the variability of different variables of the body composition by the total coef®cient of variation shows that the variables of skinfold thickness also had very large total variability. The high measurement variation of the skinfold parameters can be optimised by recalling the subject many times over a period of time, and letting more observers perform the measurements and carry out several measurements each time. All this had to be related to the higher cost when increasing an item at each level of subsampling, and especially the cost in relation to the suspected usefulness of the information from the estimate. The other variables had most of the variation between-subjects. In general, when many variables are estimating the same components of the body composition, it is most reliable to use the variable with the relative highest between-subject variance component and lowest observer variation. On the other hand, when the purpose is to follow changes in a parameter over time for a speci®c subject, the physiological variation as expressed in the within-subject variance has to be low, but variable under pathological conditions. To optimise this source of variation, the measurements of each subject should be done repeatedly with a time-delay. When the purpose is to optimise the group estimate of a variable with a high total coef®cient of variation having most of the variance between-subject, it is reasonable to make a priority of the resources in a way where it is decided to measure more subjects less frequently. By doing this, the total variation of the group mean is considerably decreased Figure 2 Difference plot of body fat from before to after breast cancer surgery (body fat after surgery minus before surgery). The solid zero-line indicates no change. The middle dashed line at 0.5% shows the actual mean difference and the other two dashed lines shows the 95% con®dence interval, from 70.3 to 1.2%. The two solid lines are the predicted limits of expected variation by two standard deviations (SD 1.3%) above and below the zero-line. . indicates patients measured on the same side as breast cancer surgery was done, and d indicates patients measured on the opposite side. Estimates of the sources of variation S Hansen et al at the cost of a negligible increase in the measurement variation.
The consequences for future planning of the ongoing case-control part of this study, incorporating the presented variables with low measurement variation, could be to measure more subjects, but only at one time by only one observer. Only one measurement would often be suf®cient, but it is of very low cost to do repeated measurements, which furthermore has the practical advantage of reducing errors due to misreading the display or miswriting the measurement value, and so on. Many skinfold thickness measurements were out of the range of the Harpenden callipers, and these variables had relatively poor reliability because of high measurement variation. Furthermore, the information about body fat from these variables can be obtained from the variable of body fat by impedance, which was signi®cantly correlated with all the variables of skinfold thickness (range of correlation coef®cients: r from 0.68 to 0.77; P`0.001 for all values). Following this, we excluded these variables from the case-control study. The conicity index was signi®cantly correlated with the WHR (r 2 0.88; P`0.01; n 50) giving the same information about body shape in the two parameters. The total variation was almost the same, 6 and 8% respectively, but the distribution of variance components for WHR had relatively more variance between-subjects, which is more acceptable when comparing two groups. The visceral adipose tissue and abdominal sagittal diameter were perfectly correlated according to the linear equation (see Appendix), so no further information would be obtained by using both variables. The distribution of variance components would be the same, but the total variation was less for abdominal sagittal diameter, 13% compared with 36%. As expected, the visceral adipose tissue was signi®cantly correlated with body fat by impedance (r 2 0.83; P`0.01; n 50). The body fat by impedance is a reliable parameter for a case-control study, having 98.4% of the variance between-subjects. The total coef®-cient of variation was 23% by measuring 50 subjects. The standard error of mean will be lowered by measuring a larger number of subjects, thus obtaining a reliable test estimate when comparing the two groups.
A number of predictive equations estimation body fat are presented in the literature using either impedance (Deurenberg et al, 1991a; Deurenberg et al, 1990b; Khaled et al, 1988; Kushner & Schoeller, 1986; Segal et al, 1988; Van Loan & Mayclin, 1987; Lukaski et al, 1986) , body mass index (Garrow & Webster, 1985; Deurenberg et al, 1990) or skinfolds (Durnin & Womersley, 1974) . Comparing some of these equations in the same population has shown that the equation from impedance has a lower variance than the equations based on body mass index or skinfolds (Heitmann, 1990a) . Since the present study had no reference measurements, we cannot say what equations from the literature best predict the body fat in our study population. Estimation of body fat by impedance using the equation of Heitmann (Heitmann, 1990b) was chosen as thè true' body fat, since the equation is predicted from a population similar to our study population, having approximately the same age distribution and with subjects from the same country. A comparison of this equation with two other equations from large study populations (Deurenberg et al, 1991a; Segal et al, 1988) shows signi®cant mean differences of body fat, but more interesting is the illustration from the difference plots (Figures 3 and 4 ) that shows the relationship between the methods. Figure 3 clearly shows a correlation of the difference between the two methods (equation from Segal minus equation from Heitmann) with the mean value from the two equations. Compared with the method of Heitmann, the Segal's method increasingly overestimates values (or the equation of Heitmann underestimates values) when body fat is decreasing. The solid line is linearly ®tted to the points and the accompanying dashed lines represent the expected measurement variation of the difference illustrated by two standard deviations above and below the ®tted line (1.4%). The variance components between-observer and within-observer are summarized for the two methods, and the standard deviation calculated from the square root of the added value. All but two values, are within the limits of what could be expected from the known low measurement variation about the ®tted line. The two values outside the limits are at the end of the measuring scale, where the uncertainty of the predicted equations is highest and body fat values have to be interpreted with precaution. In Figure  4 , the dashed lines similarly illustrate the expected measurement variation (1.6%) for the difference between the two methods. These methods show more differences with many values outside the limits of expected measurement variation about the ®tted line.
We measured 22 cases before and after breast cancer surgery to investigate how the surgical event in¯uenced the bioelectrical impedance analysis of body fat. The reason for trying to ®nd out whether breast cancer surgery affected the bioelectrical impedance analysis of body fat was that it would be more convenient to make this measurement after the operation, when the patient's diagnostic criteria should be available. Since there was no signi®cant difference between the pre-and post-surgery result, we concluded that the post-surgery measurement is a representative estimate of body fat at the time of diagnosis.
The examination of 50 patients with breast cancer and 75 controls showed no signi®cant association between the Heitmann, 1990a . The Yaxis shows the differences of body fat by the equation of Segal minus body fat by the equation of Heitmann. The X-axis shows the mean values of the two methods. The expected measurement variation was estimated from the between-observer and within-observer variances of the two methods. The solid zero-line indicates no difference between the methods, and the accompanying dashed lines were the expected measurement variation by two standard deviations above and below the zero-line. The other solid line was linearly ®tted to the actual points and the dashed lines were again the expected measurement variation above and below the ®tted line. The actual values were within the limits of the dashed lines, except for the two outlier values and in fact, more close to the ®tted line than expected.
Estimates of the sources of variation S Hansen et al body composition components and breast cancer (Table 2) in both the pre-and postmenopausal women. However, the data indicated that the menopausal status makes a difference, with the body composition components tending to be heavier/higher for the breast cancer women in the postmenopausal group. To obtain a more reliable result, a larger study population must be investigated. 
